When a living organism is mutilated, some new growth will generally ensue which would not have occurred without mutilation. Such growth is designated as regeneration for the reason that not infrequently the new growth results in an approximate restoration of the old form of the mutilated organism. Two problems arise; namely, first, to correlate the mutilation with the new growth, and second, to explain the fact that the new growth tends in certain cases towards the restoration of the old form. The two problems are by no means identical though they are often treated as if they were so. Among the older suggestions concerning such a correlation, only that made by Sachs 1 seems of value; namely, that as a consequence of themutilation, the flow of material in a plant is blocked in the neighborhood of the wound and that this leads to a new growth in the place where the block occurs. This is only part of Sachs' suggestion, the other part being that this material is not the carbohydrates, proteins, or fats, which form the bulk of the living organism, but specific organ-forming substances which he assumed to be as numerous as the morphological differences in the organs; and this was supposed to explain why the new growth tends to restore the old form. These hypothetical specific organ-forming substances, which are assumed to exist in only minute quantities, would today, perhaps, be called hormones. Since a scientific theory must rest on quantitative experiments, which are out of the question as long as the quantities to be measured are as hypothetical as are the specific organ-forming st~bstances of Sachs, this part of his idea has led to no progress. If, however, we disregard t Sachs, J., Stoff und Form der Pflanzenorgane, Arbeiten des botanischen
the idea of specific organ-forming substances for the present, focusing our attention on the relation between the measurable quantity of dry matter of the old plant and the quantity of dry matter regenerated in a given time, the law of mass action makes it possible to correlate the mutilation with the process of regeneration. Some of the experiments on which this conclusion is based have already been published 2 and it is intended in this paper to make the proof more complete.
It has long been known that a leaf of Bryophyllum calycinum forms new roots and shoots in its notches when it is detached from the plant and kept in moist air or on moist soil. When we determine the dry weight of the roots and shoots produced by such leaves in a given time, it can be shown that they are approximately in direct proportion to the dry weight of the leaves themselves. In order to furnish such a proof, the amount of growth or regeneration must be compared in sister leaves; i.e., in leaves which come from the same node of the same plant. In each node of Bryophyllum there are two leaves which have the same age and, as a rule, the same history, and only such leaves are strictly comparable in regard to quantity and efficiency of chlorophyll. We make the assttmption that sister leaves, when exposed to equal conditions of illumination, moisture, temperature, and chemical environment will produce approximately equal quantities of products of assimilation in equal times, per gram of dry matter of leaf. This assumption seems to be justifable on the basis of our present knowledge.
What we can actually prove and have proved already ~ is that equal masses of dry weight of sister leaves, when detached from the plant, produce in equal times under equal conditions of illumination, moisture, temperature, and chemical environment approximately equal masses of dry weight of roots and shoots from their notches. For the convenience of the readers some new experiments confirming the old results may be described.
Experin~ent/.--Seven pairs of sister leaves of equal size were detached from stems and were suspended in an aquarium so that their apices dippedin water (Fig. 1) . The experiment lasted from March 20 to April 12, 1923 . From the notches near or in the water new roots and shoots arose. It was expected that each leaf of a 2 Loeb, J., J. Gen. Physiol., 1919-20, ii, 297, 651. pair would produce the same mass of roots and shoots from the notches, or that the seven leaves, one each from a pair, would produce the same mass of roots and shoots as their seven sister leaves, per gram dry weight of leaves. This was found to be approximately correct. The roots and shoots were removed from the leaves at the end of the experiment and leaves, roots, and shoots were dried for 24 hours in an electric oven at about 100°C. designated as Set I and Set II in Table I . Each of the two sets of seven leaves produced therefore approximately equal masses of dry weight of shoots and roots per gram dry weight of leaves.
Experiment 2.--Nineteen pairs of sister leaves were used, one leaf of each pair was left intact, while each sister leaf was cut into a small apical and a larger basal piece. All dipped with the apical end into water (Fig. 2) . The figure shows that the roots and shoots produced by sister leaves varied approximately in pro-portion to the mass of the pieces of the leaves. This was confirmed by the measurements in Table II . The experiment lasted from March 26 to April 17, 1923. The nineteen whole leaves are termed Set 2, the nineteen sister leaves each cut into two pieces, la and lb, are termed Set 1. (2) left intact, the sister leaf cut into two pieces, a small apical one (la), and a larger basal one (lb). Shoot and root production are in proportion to the mass of the pieces. March 26 to April 17, 1923.
The experiment shows that the mass (in dry weight) of shoots and roots regenerated by isolated sister leaves of Bryophyllum varies under equal conditions approximately with the mass (in dry weight) of the leaves. On the assumption that the mass of material produced by assimilation in sister leaves, under the influence of light, varies with the mass of the leaves, it is suggested that the quantity of regeneration is determined by the law of mass action.
That the root and shoot production in the small apical pieces (la) is comparatively a little greater than in the large pieces is probably due to the fact that the sap has not so far to travel to reach the notches where growth occurs in the small piece (la) as in the larger pieces of leaf (2 and lb).
Experiment 3.--To complete the proof, it is necessary to show that this regeneration depends partly or chiefly on the assimilating effect of the light. Twelve pairs of sister leaves were used, all of which were suspended so that their apices dipped into water as in Fig. 1 . One leaf (el) of each pair was exposed to scattered daylight, while the twelve sister leaves (a) were kept in the dark but at the same temperature. The experiment lasted from March 13 to April 4. The total mass of shoots and roots produced in the dark was less than 14 per cent of that produced in the light during the same time ( Fig. 3 and Table III ).
We may, therefore, draw the conclusion that the quantity of regeneration of a detached leaf of Bryophyllum (measured in dry weight of regenerated organs) is determined chiefly by the mass of material produced by assimilation. Not all the material assimilated in a leaf is, as a rule, used for regeneration. Part of the material is used for the increase of the mass of the leaf. The data proving this fact may be omitted in this paper.
Method of proving that the dry weight of a piece of stem kept in connection with a leaf increases in weight at the expense of the shoot and root production of the leaf which is correspondingly diminished.
II.
The conclusion that the mass law determines the quantity of regeneration in a leaf enables us to solve the fundamental problem of regeneration; namely, why mutilation leads to new growth where no growth would have occurred without mutilation. This question if adapted to the case of Bryophyllum means, why new roots and shoots arise from the notches of a leaf as soon as this leaf is detached from the plant, and why no such growth arises from the leaf as long as it is connected with a healthy plant. The answer is that as long as the leaf is part of a healthy plant, the greater part of the material formed in the leaf by assimilation goes into the stem and is used here for the normal growth of the plant. When the leaf is detached, this material becomes available for new growth (regeneration) of roots and shoots in the notches of the leaf. The method of proving this fact has already been described3 Pieces of a stem of Bryophyllum containing one node with two leaves each were cut out from a plant. Each piece of stem was split longitudinally through the middle (Fig. 4) , to make the two pieces of half stem (b and bl) as much alike as possible. In order to minimize the error in cutting, a larger number of pieces of stem were used for one experiment. One half stem (Fig. 4, b) , was removed at once from one of each pair of sister leaves, and the dry weight of these half stems (b) was determined immediately. The two sets of sister leaves (one with a half stem attached, the other without a half stem) were suspended for several weeks in moist air, their apices dipping into water. It was found that the leaves (al) with a half stem (bl) attached formed a smaller mass of shoots and roots than the leaves without such a piece of stem. At the end of the experiment, the dry weights of the leaves, shoots, roots, and of the half stems which had been left in connection with the leaves were determined. It was found that the dry weight of the half stems (bl) left in connection with the leaves (a~) had increased and that this increase in weight was sufficient to account for the excess in the dry weight of roots and shoots formed in the leaves (a) without pieces of stem. In other words, the inhibitory action of the stem on the regeneration in the leaf was due to the fact that the leaf sent part of its material into the stem, which otherwise would have been available for regeneration in the leaf.
In such experiments the axiUary bud of the half stem left in connection with the leaf grows out and it is natural to infer that this growth withdraws material from the stem. It can be shown, however, that the stem inhibits the regenerative growth in the leaf also if this axillary bud is removed at the beginning of the experiment; and that, in this case also, the inhibitory influence of the piece of half stem on regeneration is due to the fact that the leaf sends pact of the material produced by assimilation into the stem. In the stem it is used chiefly for callus formation at the basal end and for increase in thickness as well as for longitudinal growth of the piece of stem (Fig. 5, I ). The data in Table IV show the inhibiting effect of the piece of half stern attached to the leaf on the quantity of regeneration in the leaf.
Experiment 4.--Nineteen pairs of sister leaves were used. The pieces of half stem attached to one of each pair of sister leaves were about 25 ram. long.
The total dry weight of regenerated roots and shoots was 559 rag. in Set I and 1,212 rag. in Set II.
I rr
FIG. 5. Leaf I with a small piece of stem attached produces a smalIer mass of shoots and roots than the sister leaf II without stem. The piece of stem increases in mass, especially through callus formation, and this accounts for the inhibiting action of the stem on shoot and root formation in leaf. Axillary bud of stem removed. April 6 to April 26.
Hence the presence of the small piece of stem in Set I (Fig. 5 ) diminished the quantity of regeneration in the nineteen leaves of this set by 653 rag. (The correction for the slight difference in the mass of the two sets of leaves reduces this value to about 630 rag.)
The dry weight of the nineteen half stems determined at the beginning of the experiment was 0.747 gin. The dry weight of the nineteen half stems (which were left in connection with the leaves) determined at the end of the experiment was 1.213 gin. Hence the stems connected with the leaves gained 466 rag. Since this gain must have occurred through material furnished by the leaf, the inhibitory influence of the stem on the regeneration in the leaf is within the limits of accuracy of the experiments accounted for by the flow of material from the leaf into the stem.
When the axillary bud of the half piece of stem is not cut out, but allowed to grow, the flow of material from the leaf into the stern is I 11:
FIG. 6. The inhibitory action of a Nece of stem on root and shoot formation in leaf is greater when the axillary shoot can grow out as in I than in sister leaf II where the axillary bud of the stem was removed. March 13 to April 9. Experiment 5.--Pieces of stem about 25 ram. long with one node each possessing two leaves were cut out and the pieces of stem were split longitudinally as nearly in the middle of the stem as possible (Fig. 6 ). In this case, none of the pieces of stem were removed; but in one set of leaves the axillary buds of the stem were removed (Fig. 6, II) , while in the other set of leaves the axillary bud was not removed (Fig 6, I ). The leaves were suspended in an aquarium, dipping with their apices into water. The axillary shoots grew out in eleven of the stems and these and their sister leaves with stems, the buds of which were cut out, were selected for a measurement of the influence of the growth of the axillary bud on the regeneration in the leaf (Fig. 6 ). It was found that the inhibitory effect of the half stems on the regeneration in the leaf was greater when the axillary bud of the stem was allowed to grow out (Fig. 6, I ) than when this was not the case (Fig. 6, II) . The experiment lasted from March 13 to April 10, 1923. Table V gives the quantitative results.
The dry weight of the two sets of leaves was about the same, but the dry weight of the roots and shoots that they produced was considerably smaller when the axillary bud of the stem was allowed to Fro. 7. The inhibitory effect of the stem occurs also in the dark, leaf a producing a greater mass of shoots and roots than its sister leaf al, which has a piece of stem attached. April 18 to May 9. grow than when this was not the case. The leaves of Set I, Fig. 6 , the stems of which formed axillary shoots, produced in all only 83 rag. dry weight of roots and shoots, while the leaves of Set II, Fig. 6 , the stems of which formed no axillary shoots, produced in all 335 rag. of roots and shoots;i.e., four times as much. This difference is accounted for by the weight of the eleven axillary shoots formed in the stems of Set I, which was 0.454 gin.
In these experiments the piece of stem connected with a leaf was very small, only about 25 ram. When the piece of stern is large, it can absorb more material and as a consequence has a greater inhibiting power on shoot and root production in a leaf. Figures supporting this statement have already been given and the later drawings in this paper, e.g. Figs. 8 to 12 , show that leaves when connected with large pieces of stems form no roots and shoots, at least not in the restricted time of these experiments.
In the experiments referred to in this paper the apex of the leaf dipped into water. This is, however, not a necessary prerequisite; what has been said remains true also when the leaves are suspended in moist air.
Experiment 6.--We have seen that the amount of shoot and root formation of a leaf in the dark is only a small fraction of the quantity of regeneration in the light. It was next of interest to find out whether there occurs in the dark too a diminution of the shoot formation in the leaf when a piece of stem is attached to it and whether such an inhibition is accompanied in the dark also by a corresponding increase in the dry weight of a stem. It was found that the stems actually diminish or repress the already small amount of shoot formation of a leaf in the dark and that the dry weight of the stems increases to about the same amount in weight as the shoot formation in the leaf is diminished. Fig. 7 indicates the difference in the appearance of the leaves with and without stems attached when kept in the dark. The experiment lasted 20 days. The leaf a, without stem, produced more shoots than its sister leaf at with a half piece of stem attached. The stems gained correspondingly in weight. The exact figures of the dry weight measurements of the experiment are given in Table VI .
The nine leaves (a) without stems, formed in all 77 rag. of shoots and roots, while the sister leaves (al) with apiece of half stem attached, formed in all 10 rag. of shoots and roots, a difference of 67 rag. The half stems had at the beginning a dry weight of 0.454 gin., while the half stems of al had at the end of the experiment a dry weight of 0.505 gin., an increase of 51 rag. Hence the half stems in Set al gained in the dark about enough in dry weight to account for the inhibitory effect of the stem of the leaf al on regeneration in the leaf. In this experiment the stems formed no axillary leaf. In a repetition of the same experiment in the dark, in which seventeen pairs of leaves with half stems were used, seven of these leaves, in which the stems remained attached, formed axiUary buds. As a consequence more material flowed from the leaves into the stems and the inhibition of shoot and root formation in the leaves with half stems attached became even more complete. Table VII gives the results. The experiment lasted 22 days.
The leaves without half stems produced in all 175 rag. more dry weight of shoots and roots than the leaves with half stems attached in which the inhibition of root and shoot formation was almost complete. The dry weight of seventeen half stems at the beginning was 0.571 gin., at fine end 0.879 gin. This latter figure included the weight of seven axiUary shoots. Hence the dry weight of the stems increased by 308 rag., more than enough to account for the inhibitory action of the stems on shoot and root production in the leaves with half stems attached.
In these experiments the materiM sent by the leaf into the stem in the absence of light had been formed previously by the light. In this respect the regeneration of plants in the dark resembles the regeneration in starving animals, where the regeneration depends also on the hydrolysis of stored material.
We now understand why the leaf of Bryophyllum calycinum, when it is detached from the plant, forms shoots and roots from its notches, while this regeneration is inhibited when the leaf forms part of a normal plant. The leaf connected with a normal plant can be dipped into water without forming roots or shoots in its notches. All the material available for shoot and root formation in the leaf is sent into the stem. During a recent visit in Bermuda, I have had a chance to examine thousands of plants of Bryophyllum calycinum without finding a single case where a leaf connected with a plant had formed roots or shoots. The same has been true in my greenhouse, and only recently have I had a chance to observe about six plants the older leaves of which formed some tiny shoots. The plants where this occurred were old and in two boxes containing no other plants; so that the suspicion is justified that they had suffered some common injury or disease. When a stem contains many leaves, and when the growth of the stem is stopped or when the sap flow has suffered, it is probable that shoots and roots may originate on leaves still connected with the stem. All that is needed for such growth is that the flow of material from the leaf into the stem should be partially or completely prevented.
The fact that in such cases regeneration can occur in leaves connected with a stem and hence without injury eliminates the idea that "wound hormones" or "wound stimuli" are the cause of shoot and root formation in the notches of a detached leaf of Bryophyllum.
This then solves the first part of the problem of regeneration, namely, the correlation of the new growth with the mutilation, and the solution is this, that as a consequence of the mutilation the sap and the solutes it contains collect in places where they could not have collected without the mutilation. The quantitative method of experimentation made it possible to prove this correlation.
This correlation holds also for regeneration in the stem. A defoliated piece of stem cut out from a healthy plant of Bryophyllum calycinum forms shoots from the most apical buds and roots at the base. In a preceding papeP it had been shown that the dry weight of roots and shoots formed in such a defoliated stem increases approximately with the mass of the stem, when the latter is exposed to light. Since the stem contains chlorophyll, this quantitative cot-relation between mass of stem and mass of regenerated roots and shoots suggests that the mass law controls regeneration in this case also. This is supported by the fact that in the dark regeneration of roots and shoots by the stem is as considerably diminished as it is in the case of the regeneration of the leaf.
IIl.
In the case of a defoliated stem, there enters the phenomenon of polarity inasmuch as shoots are only formed at the apex and roots only at the base of the piece of stem. In this case, regeneration may be said to lead to a semblance of restoration of the original form of the mutilated organism, and this l~ads us to the second problem of regeneration; namely, to explain the polar character of the regeneration.
Since the mass of roots as well as of shoots regenerated in a piece of stem increases in direct proportion with the mass of the stem, it is obvious that the whole mass of material available for regeneration in the stem must be active in both shoot and root formation. If, nevertheless, shoots are only formed at the apex, one or more additional factors must be responsible for the fact that shoots are not also formed at the base. Two possibilities present themselves: first, the old assumption that there is a chemical difference in the nature of the substances fit for root and shoot formation, the material fit for shoot formation moving only in the ascending current, while the descending current carries root-forming material. A second possibility is that the material of each, ascending as well as descending, sap can give rise to both types of organs, but that the anlagen for root and shoot formation are contained in different histological layers of the stem; the cell layers where roots are formed being normally reached only by the descending sap and the layers where the shoots are formed being normally reached only by the ascending sap.
Specific root-and shoot-forming substances are not yet definitely known to exist, and our knowledge concerning the difference in the location of the vessels for the descending and ascending sap is not sufficiently definite to decide between the two possibilities. It is possible, however, to prove experimentally that the sap sent out by a leaf in the descending stream can accelerate also the rate of growth of shoots in the more basal parts of the stem, provided such basal shoots are given a chance to grow.
Experiment 7.--In Fig. 8 , a is a piece of stem without leaf, b a piece of stem with a reduced piece of leaf attached to the apex, and c a stem with a whole leaf attached to the apex. The right side of the upper part of the stem opposite the leaf is cut off. The stems of b and c have formed roots at the base, but only on that side of the stem where the leaf is, showing that the material for root formation was carried in the descending current from the leaf. Moreover, the mass of roots is greater I f ? FxG. 8. Proof that the descending sap from a leaf can also under proper conditions increase shoot production. The shoot production in c with a whole apical leaf attached is greater than in b with only a piece of leaf attached. Without leaf, in a, the shoot production is a minimum. Roots at the base form in b and c first on that side of the stem where the leaf is. December 7 to January 5. in c than in b corresponding to the difference in the mass of the leaf. Later on, however, roots may form in the whole circumference of the base of the stem. Stem a, which had no leaf, has not formed any roots at the base, but only the transitory air roots in nodes, these air roots disappearing when the permanent roots at the base are formed (as had been shown in a previous publication). 4 All three stems have formed shoots, but the shoot is greatest in c where the mass of the leaf is greatest, is smaller in b where the leaf is reduced in size, and smallest in a where there is no apical leaf. In other words, it seems as if the shoots in b and c had at least been partly produced from material sent in the descending current from the apical leaf. This inference was supported by quantitative determinations of the dry weight (Table VIII) .
All these experiments were carried on simultaneously and lasted from December 7, 1922 to January 5, 1923.
The determinations of the dry weight show that the mass of shoots produced per gram of dry weight of stem increases with the size of the apical leaf, and that therefore the material of which the shoots in b and c are formed is partly furnished by the descending sap from the leaf. The increase in the shoots produced from the descending sap from the apical leaf increased with the mass of the apical leaves, but less rapidly. The mass of the basal roots increased, however, almost in direct proportion with the mass of the leaf.
Part of the material sent out by the leaf in the descending current is utilized for the growth in length and thickness of the more peripheral tissues of the stem from which the roots originate, leaving only a fraction of the material of the descending current free to be utilized for the growth of the shoots in b and c of Fig. 8 . This is supported by the following fact also observed in Experiment 7 that when a leaf is left at the base of a small piece of stem, as in Fig. 9 , the stem produces per gram dry weight more apical shoots than were produced in b or c of Fig. 8. 1 .869 gin. dry weight of stems, each with a basal leaf, produced 0.348 gin. dry weight of apical shoots, or 183 rag. of apical shoots per gin. of stem; in the same time and the same conditions the stem c, Fig. 8 , produced only 46 rag. dry weight of shoots per gin. of stem when the leaf was at the apex. The dry weight of the basal leaves in Fig. 9 was only slightly more than in c; namely, 2.899 gin. instead of 2.607 gin. When the leaf is at the base, the material carried from the leaf to the apical shoot must move in the ascending current to the stem and in this case apparently less material is lost on the way by absorption on the part of the cells of the stem. q / Fic. 9. Basalleaf promotes also shoot production at apex.
That the descending current from a leaf carries material that can be utilized for shoot formation can also be demonstrated in the following form of experiment.
Experiment 8.--In Fig. 10 the two stems a and b are split longitudi,sHy from the apex down to near the base which dips into water. Stem a has no leaf, while stem b has an apical leaf to the right. The experiment lasted from January 12 to February 8, 1922 . Stem a, without a leaf, formed no roots at the base in water, but two tiny shoots at the apex. Stem b formed roots at the base on that side only where the leaf is, and a shoot at the apical end of the stem on the opposite side of the leaf. This shoot exceeded in mass the two tiny shoots formed in a. The determinations of the dry weight confirmed this (Table IX) .
The difference in the mass of shoots produced by a and b of Fig. 10 can only be ascribed to the material which was carried down from the leaf in the descending current to the base of the stem, rising afterwards on the other side of the stem. The dry weight of the six apical leaves of Set I was 3.388 gin.
In experiments of this kind, the mass of the apical leaf must be large in comparison with the mass of the stem, otherwise too much FXG. 10. Stems split longitudinally from apex almost to the base. Stem b with one apical leaf forms a shoot with greater mass than the stem a without leaf. Root formation in b first on side of leaf. January 12 to February 8, 1922. of the material from the leaf is consumed in the descending current by the cortical tissues of the stem. This was ascertained by special experiments which may here be omitted.
Experiment
9.--Three sets of four small stems each were split longitudinally and suspended horizontally (Fig. 11) . Set I had a large leaf at the apex, Set II a reduced leaf, and Set III had no leaf. All produced shoots at the upper apical node, but, as Fig. 11 shows, the size of the shoots increased with the size of the apical leaf. In this case, the sap from the leaf had to travel in the descending current to the base of the stem and then on the other side of the split back to the apex. There can be no doubt that the descending current from the apical leaf favored shoot formation. In Set I, 1 gm. dry weight of stem produced 57 rag. dry weight of shoot, in Set II, 37 rag., and in Set III, which had no leaf, only 12 rag.
An interesting modification of the experiment is that represented in Fig. 12, a. A piece of stem with one leaf left at the apex was split lengthwise at some distance beneath the leaf, until near the base, which dipped into water. The apical bud opposite the leaf was Ix   FIG. 11 . Similar experiments as in Fig. 10 , except that stems and leaves are suspended horizontally in moist air. I, with whole leaf, forms a larger shoot at apex than II with a leaf reduced in size. III, without leaf, produces only tiny shoots. Notice also that geotropic curvature of stem increases with mass of leaf. April 3 to April 21, 1923. removed as indicated diagrammatically in the figure. In this case the descending sap had to flow down the stem on the side opposite the leaf and on this side the first roots developed at the base, spreading finally, however, all around the base. No shoot developed on that side (Fig. 12, a) . A shoot developed, however, on the same side where the leaf is, at the apex of the split part of the stem (Fig. 12,  a) . Now the question arose, whether or not the descending sap of the leaf contributed to the growth of this shoot. This turned out to be true as the following quantitative experiment shows.
Five stems without leaves were split lengthwise down to near the base, as shown in Fig. 12, b , each split half producing a shoot at the apex. Six stems of almost the same mass but with one leaf left at the apex, as in Fig. 12 , a, were split as indicated (Fig. 12, a) . The latter stems produced one shoot at the apex of the split half of the stem as indicated in Fig. 12 , a, and occasionally a second smaller shoot in the node below. Now the total dry weight of shoots produced by the six stems in a was 1.557 gin., while the total dry weight of shoots produced by the five stems in b without leaves was only 0.668 gm. The dry FIG. 12. Stem with leaf attached produces a greater mass of shoots than stem without leaf. January 9 to March 16, 1923. weight of the six apical leaves was 2.063 gin., about the same as that of the stems. This leaves no doubt that the descending sap from the apical leaf contributed to the growth of the shoots below the leaf in a. In this case, the descending sap had to travel down the whole length of the stem on the side opposite the leaf (Fig. 12, a) , and had to then ascend again to the apex of the split part of the stem. The exact figures are given in Table X . The mass of regenerated shoots is so great because the experiment lasted longer than usual; namely, over 2 months (January 9 to March 16).
These and other experiments leave no doubt that the sap sent out by a leaf in the descending current through the stem contains material fit for shoot production. According to Sachs the descending current should carry only root-forming substances and this makes it difficult to explain the second problem of regeneration--which, in this case, is the polar character of regeneration--on the assumption that the descending sap carries only specific root-forming substances. That the sap of the leaf is fit to give rise to both roots and shoots is also demonstrated by the fact that in each notch of an isolated leaf roots as well as shoots grow out and that the rate of growth of both occurs in proportion to the mass of the leaf.
This compels us to consider the other possibility; namely, that in the stem the anlagen for roots and shoots are more widely separated than in the leaf and that the descending sap in the stem reaches primarily only the root-forming tissues of the stem. SUMMARy AND CONCLUSIONS.
1. The writer's older experiment, proving that equal masses of isolated sister leaves of Bryophyllum regenerate under equal conditions and in equal time equal masses (in dry weight) of shoots and roots, is confirmed. It is shown that in the dark this regeneration is reduced to a small fraction of that observed in light. 2. The writer's former observation is confirmed, that when a piece of stem inhibits or diminishes the regeneration in a leaf, the dry weight of the stem increases by as much or more than the weight by which the regeneration in the leaf is diminished. It is shown that this is also true when the axillary bud in the stem is removed or when the regeneration occurs in the dark.
